This paper estimates production functions for Greek regions over 1971-2011, using census data on educational human capital. We construct rich human capital series, where data for employees are decomposed according to their education level. In addition, we take into account possible effects due to education quality and spillovers. Our evidence shows that human capital has a strong positive association with labor productivity through upper secondary and tertiary education, while primary education exhibits a negative relationship and lower secondary education does not exhibit any association with productivity. Tertiary education spillovers along with a number of education quality indicators present a significant positive relationship with productivity. Overall, findings suggest that policy makers should account for education quality as well as spillovers and direct their efforts toward a more efficient and enhanced education system with emphasis on high education levels to improve labor productivity overall and reduce spatial productivity disparities.
Introduction
Recently, there has been an increasing interest in the estimation of production functions. In this framework, numerous studies have investigated labor productivity differences across countries and regions. This line of research has been motivated by persistent disparities both across and within countries worldwide and the quest for convergence in living standards across the globe set, among others, by international organizations like the United Nations (United Nations, 2000) .
Following this strand of inquiry, we investigate regional disparities in terms of labor productivity in Greece, putting special emphasis on human capital. Economic theory suggests a positive relation between human capital and productivity, implying that the former constitutes a basic force behind income convergence or divergence. Theoretical contributions focus on the distinct roles of human capital accumulation, human capital stock, or both mechanisms behind the growth process (Lucas, 1988; Romer, 1990; Azariadis and Drazen, 1990) . However, by looking at the data for a number of developed countries, we observe that there is no apparent relation across countries as regards labor productivity and human capital, measured by average years of schooling, for the 1970-2010 period (see Fig. 1 below) . 1 There have been several attempts to test this relationship formally, usually employing cross-section country data. These studies use formal education indicators as proxies for human capital because investment in education plays a central role in human capital accumulation. However, they provide contrasting results: growth effects of human capital are estimated to be positive, statistically insignificant, or even negative in some cases (Pritchett, 2001; Barro and Sala-i-Martin, 2004) . A basic reason for these puzzling results is that most studies use international datasets but incorrectly impose equal returns to schooling (homogeneous coefficients) among countries (Temple, 1999a (Temple, , 1999b Krueger and Lindahl, 2001; Di Liberto, 2007) . This is problematic, because education provision is affected by educational institutions, which often differ across countries. Moreover, returns to education are likely higher in countries with a better educated labor force, thus non-linear returns to education are present (Azariadis and Drazen, 1990) . Another issue is that education investment is not linked with productivity in some cases, i.e. education is not only an investment but also a consumption good for individuals. Finally, especially in less developed countries, public sector employs almost all skilled labor force, creating distortions in the estimation of education returns, since these are determined mostly by government regulations and not market forces (Griliches, 1997) . Economic Modelling 54 (2016) [563] [564] [565] [566] [567] [568] [569] [570] [571] [572] [573] ☆ The content of this paper does not reflect the official opinion of the European Union. Responsibility for the information and views expressed in the paper lies entirely with the authors. Reproduction is authorized provided the source is acknowledged.
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In this paper, we try to shed some light into this puzzle by estimating the production functions for Greek regions 2 in a unified framework, putting emphasis on human capital effects emerging from different education levels. This is where our contribution lies: our study represents a novel attempt to investigate labor productivity in Greek regions for a fairly long period using census data. We focus on a model with homogeneous slope coefficients, since Greek regions are characterized by common institutions and a harmonized education system in terms of regulatory framework. In addition, the decomposition of education into four levels allows us to estimate their differential effects on productivity. Such estimations are frequently ignored by the literature. Another methodological contribution of this paper consists in incorporating various types of education quality: student-teacher ratio, dropout rate, success rate in the exams giving access to tertiary education and patents. In addition, education spillovers are incorporated in the form of tertiary education of neighboring regions. Finally, we utilize employment density to allow for agglomeration effects on labor productivity due to location (McDonald and McMillen, 2007) . Specifically, we account for labor market pooling due to easy access of both employers and employees to alternatives and population proximity, which facilitate skill "matches" and product distribution, respectively (Cohen and Morrison Paul, 2009) . Concurrently, our analysis accommodates congestion diseconomies. We first show that regional labor productivity exhibits a strong positive relationship with upper secondary and tertiary education, while primary and lower secondary education have a negative and non-significant relationship, respectively. Second, we uncover that education quality is an important factor behind labor productivity differences across regions. Third, positive spillover effects of tertiary education are estimated, emphasizing the role of human capital externalities. Fourth, employment density displays a negative relation with productivity. Finally, we do not verify a robust association between labor productivity and public capital.
The paper is organized as follows. Section 2 gives a review of the theoretical and empirical literature on human capital and economic performance. Section 3 provides the theoretical framework of our empirical model. Section 4 describes the data and the econometric methodology. In Section 5, we discuss the empirical results, and Section 6 offers some concluding comments. The Appendix A contains detailed information on variable definitions and data construction.
Literature review
The large theoretical literature on human capital and economic growth can be summarized as follows: (i) human capital accumulation boosts growth (Lucas, 1988) ; (ii) growth depends on existing human capital stock, which generates new knowledge (Romer, 1990) and facilitates the imitation or adoption of foreign technologies (Nelson and Phelps, 1966) ; (iii) the impact of human capital depends on human capital stock accumulated within a given period (Azariadis and Drazen, 1990) .
As discussed in the Introduction, the empirical literature provides mixed results as far as the effect of human capital on economic performance is concerned. One of the earliest attempts to introduce human capital in the empirical growth literature is made by Mankiw et al. (1992) , who estimate a positive output elasticity with respect to the working-age population with secondary education in 121 countries during 1960-1985. Studies employing country-level data were followed by research using regional data, similarly to our study. For instance, Arbia et al. (2010) conclude that tertiary education attainment boosts growth in 271 NUTS 2 EU regions in 1991-2004 accounting for spatial effects due to institutions and geography. Soukiazis and Antunes (2011) show that secondary education attainment contributes to growth directly and indirectly through interaction with exports, in Portuguese NUTS 3 regions during 1996-2005. Abel and Gabe (2011) uncover a strong positive relationship between working-age population with a college degree and GDP per capita in 290 US metropolitan areas during [2001] [2002] [2003] [2004] [2005] . In addition, Pablo-Romero and Gómez-Calero (2013), using a translog production function, conclude that private physical and human capital are complementary and exhibit decreasing returns, for 50 Spanish provinces during 1985-2006. Some recent studies emphasize the long-run relation between output and education. For instance, Kosfeld and Lauridsen (2004) conclude that employed people with at least secondary education increase both 2 Increasing evidence suggests that regional rather than national economies are the decisive units at which growth takes place (Ohmae, 1995; Storper, 1997; Cheshire and Malecki, 2004) .
LABOR PRODUCTIVITY INDEX AND AVERAGE YEARS OF SCHOOLING (average 1970-2010)
Source: Labor productivity (GDP per employee; 2005=100) from European Commission's AMECO Database; Average years of schooling (AYS) from Barro and Lee (2010) (righthand axis). GDP per employed and GDP per capita in 180 German labor markets in the year 2000 accounting for spatial effects. Similarly, Bronzini and Piselli (2009) estimate a positive long-run relationship between average employee schooling years and both labor productivity and output in 1985-2001 for 19 Italian regions. Karnik and Lalvani (2012) conclude that the gross enrollment ratio exhibits a strong positive effect on GDP per capita in 19 Indian states during 1981-2005 and the contribution of education to growth is larger than that of physical capital.
A few papers have examined the possibility of differential growth effects between schooling levels. For example, Asteriou and Agiomirgianakis (2001) and Sari and Soytas (2006) find a cointegrating relationship between enrollments in primary, secondary, and tertiary education and GDP in Greece (1960 Greece ( -1994 and Turkey (1937 Turkey ( -1996 , respectively. Petrakis and Stamatakis (2002) show that primary and secondary education matter for growth in less developed countries, while tertiary education becomes important in developed economies, using data for 24 countries. According to Papageorgiou (2003) , primary education is important for final goods production, while post-primary education is necessary for technology adoption and innovation in 80 countries during 1960 -1987 . Pereira and Aubyn (2009 find that increasing education of the working-age population at all levels except tertiary education has a positive effect on GDP per worker growth in Portugal over 1960. Ramos et al. (2010) conclude that tertiary and secondary education increase labor productivity and growth, respectively, while primary education does not exert any influence in the Spanish NUTS 3 regions during 1980-2007. Interestingly, they find negative geographical spillovers from tertiary education. Ding and Knight (2011) find that higher education enrollments have a stronger positive growth impact than secondary enrollments, while primary school enrolment has no effect in 30 Chinese provinces for 1978-2007. Finally, use Bayesian model averaging with 48 growth determinants for 255 NUTS 2 EU regions during 1995-2005 allowing for spatial spillovers. They find that workers with higher education have a robust positive association with GDP per capita growth, while they also include in the estimations workers with secondary, primary education as well as a lifelong learning variable.
The model
We study the role of human capital in economic performance, adopting a production function approach. Thus, we specify our theoretical model by augmenting a standard aggregate Cobb-Douglas production function as follows:
where, Y denotes real output of region i (i = 1, …, 51) during period t (t = 1971, 1981, 1991, 2001, 2011) ; K Git the public physical capital stock; H Pit , H LSit , H USit , H Tit stand for human capital stock produced through primary, lower secondary, upper secondary, tertiary education, respectively; L it is employment; and A i is a Hicks-neutral TFP indicator. Thus, we allow for differential impact of the four levels of education. The introduction of four types of human capital enables us to obtain more accurate estimates of the model's parameters. The reason we split secondary education into lower and upper levels is that lower secondary education was compulsory during most of our sample period, while upper secondary education was not. Therefore the attendance rates differ significantly between these education levels for institutional reasons.
Eq. (1) in "per employed worker" terms takes the form
Taking logs of Eq. (2), we obtain Eq. (3):
We extend (3) in line with the literature on spatial agglomeration and productivity (Ciccone and Hall, 1996; Ciccone, 2002; Gabe, 2011, Abel et al., 2012) . Specifically, empirical research has shown that thick labor markets imply significant productivity benefits by improving the quality of matches between workers and jobs (Andersson et al., 2007) . Also, firms locating in each others' proximity may incur higher productivity. At the same time, there is the possibility for congestion diseconomies. In light of these, we assume that density (D) operates through the technology parameter (A) as follows:
where ζ represents the elasticity of output with respect to density. B i denotes unobserved region-specific determinants of technology which are independent of density, 3 C t stands for common time effects across regions capturing economy-wide technology shocks, and e uit corresponds to the stochastic component of technical progress. The parameter ζ measures the net agglomeration impact of density, which includes both the (positive) agglomeration and (negative) congestion effects due to density. Thus, the sign of ζ will depend on the relative strength of these opposing forces. Substituting (4) into (3), we obtain
Eq. (5) constitutes the basis of our empirical analysis.
Data and econometric methodology

Data
In order to investigate the relationship between education and labor productivity in a regional production function framework, we employ a panel of 51 regions (NUTS 3 level) over the 1971-2011 period with observations on the census years, that is, every decade. 4 Our data include the number of graduates of the four levels of education, namely, primary, secondary (lower and upper), and tertiary as a percentage of the employed population per region. In addition, education spillovers are incorporated in the form of tertiary education employment shares of neighboring regions; the latter are weighted by their employment levels. 5 In addition, we use four types of education quality indicators, namely, the student-teacher ratio, dropout rate, success rate in the exams giving access to tertiary education, and patents. In detail, the student-teacher ratio is included for the primary and lower secondary education levels. Dropout rates from school are calculated for the primary and lower secondary education. We include the student-teacher ratio and dropout rates of these specific levels of education for two reasons: first, they correspond to the compulsory levels of education in Greece, and second, the inclusions of additional student-teacher ratio and dropout rates would generate collinearity issues. Also, dropout rates are used, in addition to student-teacher ratios, because the relevant literature argues that a high dropout rate, besides the fact that it directly implies a lower graduation rate, it is an indicator of malfunction in the education system. The latter has adverse consequences even for the students who graduate in terms of unacceptably low skills, which later impede their productivity performance in the labor market (Doll, et al. 2013) . The success rate of the students who participate in the exams that give access to tertiary education including universities and technological institutes are also included in our estimations. Finally, patent applications to the European Patent Office are incorporated as a quality indicator of the advanced educated fraction of the workforce. We have included patents as an education quality indicator, since the concentration of patents in Greece is higher in areas with research and academic institutions, obviously due to the special nature of their activities (Markatou, 2012) . Furthermore, regional public capital stock is included in our regressions in order to disentangle the effect of physical capital from the effect of human capital on growth (Krueger and Lindahl, 2001) , because regional private capital data at NUTS 3 level are not available for Greece. We believe this is a good proxy for capital stock at regional level because public and private capital behave similarly in Greek regions (Louri, 1989) . Note that the private-public investment correlation is 0.93 at national level. 6 We construct public capital stock using the perpetual-inventory method, with a depreciation rate of 5% according to the standard practice in the literature (Rovolis and Spence, 2002) . 7 Specifically, our proxy is based on the public investment available on the national accounts at regional level. Regarding concentration, we utilize employment density which equals the number of employed over the area of the respective region, since relevant literature provides grounds for its importance (see Brülhart and Mathys, 2008; Ciccone, 2002; Piras et al., 2012; Abel et al., 2012; . According to our descriptive statistics (see Table A2 in the Appendix A), Greek regions are characterized by numerous disparities. Differences in regional real GDP per worker reveal large spatial labor productivity differentials; it ranges from €818 to €3731 in 1971 and €36,495 to €69,245 in 2011. Also, the shares of employees, who are graduates of the four education levels, differ substantially across regions as well as through time. Specifically, the regional share of workers with primary education declined substantially from 37.8% in 1971 to 20% in 2011, while the fraction of workers with upper secondary and tertiary education increased significantly. The former reached 44.8% from 12.6% and the latter 25.2% up from 3.8% of the employed population during the period examined. Lower secondary education followed an increasing trend as well. Our measure of density differs notably between regions. Employment density ranges from 2.73 to 414.7. Finally, the regional allocation of real public capital per worker in Greece presents large disparities both across space and time, ranging from €324 to €2268 in 1971 and €16,327 to €62,962 in 2011.
Estimation methodology
We proceed with the estimation of Eq. (5), using panel econometric techniques. This way, we mitigate endogeneity, since education moves together with income (Catao and Solomou, 2005; Catao and Terrones, 2005) . The latter raises the issue of simultaneity, which is effectively addressed by means of panel data estimation (Arellano, 2003) . Moreover, we are able to estimate the effects of education, public capital, and density on labor productivity. We allow for heterogeneity in the relationship between education and productivity across regions by including region-specific fixed effects.
There are alternative procedures for estimating Eq. (5). We apply two estimators, which incorporate different assumptions about the underlying data generating process. Generally, the simple pooled estimators assume a fully homogeneous coefficient model in which all slope and intercept parameters are identical across regions, meaning that regions follow the same underlying model relating productivity to the right-hand side variables. However, from the work of Durlauf and Johnson (1995) , Lee et al. (1998), and Temple (1999a, b) , among others, we know that this is not a trivial assumption, so allowing parameter heterogeneity can change results of growth regressions in very important ways.
In light of these, we initially use the fixed effects (FE hereafter) estimator. We allow only the intercepts to differ across regions. In other words, we assume common parameters on factor inputs and convergence rates and heterogeneity with respect to TFP levels across regions (corresponding to B i in Eqs. (4) and (5)). We account for cross-section dependence in the form of common time effects (decade-specific dummies) (see C t in (4)- (5)) in all estimations (Sarafidis and Wansbeek, 2012) . FE uses the within-regression estimator. We adjust standard errors, so that they are robust to cross-sectional heteroscedasticity as well as within and across panel correlation, as long as the panels belong to the same cluster (NUTS 2 regions in our case). We avoid using the BE and RE estimators because they are inconsistent when there is correlation between the regressors and the regionspecific effects, which we assume to be true in our case. For the same reason, we do not implement feasible generalized least squares (FGLS) and OLS with panel-corrected standard error (PCSE) estimation.
Moreover, we estimate linear dynamic panel data models, including a lagged dependent variable to allow for gradual adjustment of labor productivity to its long-run equilibrium. The coefficient of the lagged dependent variable captures the speed of adjustment. In such cases, the unobserved panel-level effects are correlated with the lagged dependent variables, making standard estimators inconsistent. Arellano and Bond (1991) have derived a consistent generalized method of moments (GMM) estimator for such a model. We employ the Arellano and Bover (1995)-Blundell and Bond (1998) (AB-BB hereafter) estimator instead. We proceed this way because Blundell and Bond (1998) show that the lagged level instruments in the Arellano and Bond (1991) estimator 8 become weak as the autoregressive process becomes too persistent or the ratio of the variance of the cross-section effects to the variance of the idiosyncratic error becomes too large and propose a system GMM estimator, building on Arellano and Bover (1995) . We treat all explanatory variables as endogenous because we believe that there is likely correlation between current values of the right-hand side variables and current or past values of the errors. This estimator still assumes common factor input parameters and common impact of unobservables (TFP in our case) on output across cross-sectional units, although it solves the identification problem due to the correlation between inputs and unobservables. We compare the FE with the AB-BB estimates after we derive the long-run coefficients from the second set of estimates. The latter are equal to the ratio of the short-run coefficients in question to one minus the corresponding autoregressive terms.
Moving to diagnostic tests, we must first stress that the AB-BB estimator, like any GMM estimator, produces consistent estimates only if the moment conditions used are valid. In light of this, first we report the Arellano-Bond test for serial correlation (1991) at order two in the first-differenced errors, since the moment conditions are valid only if there is no serial correlation in the idiosyncratic errors. Because the first difference of i.i.d. idiosyncratic errors is autocorrelated, rejecting the null hypothesis of no serial correlation at order one in the first-differenced errors does not imply that the model is misspecified. However, rejecting the null hypothesis at higher orders implies that the moment conditions are not valid. Second, we test the null hypothesis that the overidentifying moment conditions are valid implementing the Hansen (1982) test of overidentifying restrictions, which is robust to heteroscedasticity. Moreover, time-varying heterogeneity due to unobserved common shocks or local spillovers, which are trade, technology, or policy determined (Baltagi and Pesaran, 2007) and affect simultaneously many cross-section units (in our case regions), introduces cross-section correlation or dependence in the error terms, which can lead to inconsistency and incorrect inference in standard panel econometric approaches (Phillips and Sul, 2003; Pesaran, 2006) . The assumption of cross-section independence underlying all above estimation techniques is strong for regional data, especially small closely interrelated units such as the Greek regions.
In light of these, we perform tests for cross-sectional dependence in the residuals of the estimated regressions. In the FE estimations, we apply the CD test by Pesaran (2004) , which uses the correlation coefficients between the time series for each panel member. In our case, for N = 51 regions, this would be the 51 × 50 correlations between region i and all other regions, for i = 1 to N-1. Denoting the estimated correlation between the time series for region i and j as ρ ij , the Pesaran CD statistic is given by
where T is the time series dimension of the panel. Under the null of cross-section independence, the above statistic is distributed as standard normal. The statistic is robust to nonstationarity, parameter heterogeneity as well as structural breaks and performs well even in small samples. For the dynamic specifications, we perform the test for cross-sectional dependence proposed by Sarafidis, Yamagata, and Robertson (2009) (SYR hereafter), since have shown that if there is residual cross-sectional dependence in short dynamic panel data models, all IV and GMM estimation procedures-including the AB-BB-are inconsistent as N grows large, for fixed T. The SYR test is appropriate for short dynamic panel models with common time effects such as ours. It involves computing Sargan's statistic for overidentifying restrictions based on two GMM estimators: one which uses the full set of available instruments (including those with respect to lags of the dependent variable) and another that uses the subset of instruments with regard to the exogenous regressors. Under the null hypothesis of error cross-sectional independence, both estimators are consistent, while under the alternative of cross-sectional dependence, the latter estimator is still consistent but the former is not. Hence, a large difference between the two statistics implies that the moment conditions with respect to lags of the dependent variable are not valid -a direct consequence of cross-sectional dependence. The difference between the two statistics is distributed as chi-square with degrees of freedom equal to the difference in the number of instruments of the two above GMM estimators and if it is higher than the respective critical value, we cannot accept the null hypothesis that the moment conditions related to the lags of the dependent variable are valid. So, there is crosssectional dependence and the GMM estimates using the full set of instruments are inconsistent.
Estimation results
Following the above discussion, we estimate Eq. (5) without and with lagged labor productivity to allow for persistence. So, we estimate a static panel model with the FE and a dynamic panel model with the AB-BB estimators. Afterwards, we derive the long-run coefficients from the latter estimations and compare them with the static FE estimates to check how much difference it makes when allowing for endogeneity in our estimations. 9 Overall, seven models are estimated. First, for reasons outlined in our theoretical model (see Eq. (5)), the relationship between labor productivity and education, including public capital and employment density as control variables, is estimated. Results in Table 1 (see below) indicate that in the first specification, no control variables are statistically significant in the FE case except the decade-specific dummies, which imply that productivity is higher in all data points compared with 1971. This finding coincides with the productivity slowdown, which characterized almost all Western economies since the late 1960s and well into the 1970s and it is also broadly confirmed by the AB-BB estimates. Regarding the remaining right-hand side variables and the dynamic GMM estimations, primary education reduces productivity. So, when we account for endogeneity, using the AB-BB estimator, a 1-standard deviation (0.421) rise in the share of employees with primary education dampens long-run productivity by 5.6%. Additionally, higher shares of lower and upper secondary education graduates do not affect productivity. On the contrary, tertiary education boosts productivity. A 1-standard deviation increase in the employment share of tertiary education graduates (0.745) enhances productivity in the long-run by 32.1%.
This evidence on lower and upper secondary education could be explained by the low skills of Greek students compared to corresponding OECD graduates, as indicated by student performance in international standardized tests, such as PISA (OECD, 2010) .
10 Several problems have been identified in secondary education in Greece affecting human capital. These include, among others, excessively low studentteacher ratios and small class sizes 11 (and thus limited interaction among students), low teacher salaries, lack of external assessment and evaluation of schools, teachers, students, and the education system as a whole (OECD, 2011) . Additional weaknesses constitute extremely centralized governance of the education system, limited opportunities for professional development of education personnel, fragmented budgeting procedures, limited accountability over outcomes, and limited school competition. Our findings are only partially in line with Asteriou and Agiomirgianakis (2001) , who find a positive relationship between enrollments in primary, secondary, tertiary education, and GDP in Greece. However, we believe that our human capital measures reflect more accurately the skills of the working population, since for example some students enrolled in secondary school do not finish it or even if they complete it, they may not be working for some time.
Concerning secondary and tertiary education, we obtain similar findings with Ramos et al. (2010) who examine Spanish regions at the same level of disaggregation. However, they derive insignificant, though negative, estimates for primary education in contrast with our significantly negative ones. As for tertiary education, we reach similar conclusions relative to Arbia et al. (2010) , , and for EU regions and Abel and Gabe (2011) for US cities. Our evidence is also in line with that of Petrakis and Stamatakis (2002) and Vandenbussche et al. (2006) , who argue that in developed economies tertiary education is more important relative to lower education levels.
12
We also find that public capital has an insignificant productivity effect. Although this is in contrast to some related literature (Munnell, 1992; Bronzini and Piselli, 2009) , research on Greek regions shows mixed results (Rodríguez-Pose et al., 2012; Lambrinidis et al., 2005) . 9 Related Stata commands are available in Table A4 in Appendix A. 10 The Programme for International Student Assessment (PISA) is an international study conducted by the OECD in its member and non-member nations and examines 15-yearold school pupils' scholastic performance on mathematics, science, and reading. It was first performed in 2000 and is repeated every 3 years. 11 This is partially due to the Greek geography, which makes necessary that many secondary schools operate in mountainous and island regions with low population density. 12 Studies using microdata show that private returns to education in Greece are positively associated with years of education (Magoula and Psaharopoulos, 1999; Mitrakos et al., 2010).
A possible explanation would be the inefficient spatial and functional allocation of public investment, due to, e.g., political considerations. These considerations have to do with the party in power at the central government level, the regional vote share in favor of the governing party, or the difference in the regional vote shares between the ruling party and the main opposition party (Yamano and Ohkawara, 2000; Johansson, 2003; Castells and Solé-Ollé, 2005; Rodríguez-Pose et al., 2012; Rodríguez-Pose et al., 2015) . The coefficient of employment density is negative implying that the adverse effects of density outweigh the enhancing ones in Greek regions. The dynamic GMM estimates are in contrast with Ciccone and Hall (1996) , Ciccone (2002) , Brülhart and Mathys (2008) , who find that employment density boosts labor productivity in the US states and European regions. Our findings may be due to the fact that labor and product markets were more rigid in Greece compared to most European countries and the US during the period under consideration (OECD, 2004) . Specifically, the Greek labor market is characterized by low mobility and little wage flexibility (Dedoussopoulos et al., 2013) which possibly makes the congestion effects of density prevail over the agglomeration ones. Finally, we find conditional convergence, since the lagged productivity coefficient is lower than one in absolute value. This is in line with Christopoulos and Tsionas (2004) and Michelis et al. (2004) .
Next, we repeat our estimations using the same estimation methodology as before, but including additionally spillovers due to tertiary education employment of neighboring regions (see Table 1 , columns 3-4).
13 Again, the FE estimates are always insignificant, with the exception of the time dummies, which show that productivity is higher in all decades compared to 1971. Regarding the AB-BB estimates, these are similar both qualitatively -i.e. in terms of sign and statistical significance -and quantitatively, compared to the estimates obtained 13 We have also incorporated spillovers due to average schooling years of the employed population in neighboring regions, but they do not affect productivity (results are available upon request from the authors). Notes: Dependent variable GDP per worker in region i (i = 1,…,51) in period t (t = 1971, 1981…,2011) . Standard errors in parentheses. *, **, *** denote 10%, 5% & 1% significance levels respectively. FE: fixed effect; AB-BB: Arellano and Bover (1995)-Blundell and Bond (1998) . AB AR (2) in the baseline specification, with two exceptions. Specifically, employment density is not significant anymore, while upper secondary education turns from insignificant to positive productivity determinant. So, a 1-standard deviation rise in the employment share of upper secondary education graduates (equal to 0.654) increases productivity by 13%. We also identify positive spillover effects using the AB-BB estimator. Specifically, a 1-standard deviation (2.048) rise in the number of employees, who are tertiary graduates in neighboring regions weighted by the respective regional employment levels, boosts productivity by 6.5%. 14 So, regions surrounded by others with highly skilled employees enjoy a considerable advantage compared to the remaining regions. Third, we extend the baseline specification incorporating education quality measures, namely, the student-teacher ratio in primary and lower secondary education, the respective dropout ratios, the ratio of upper secondary education graduates who enter university, and the respective ratio of graduates who enter both strands of tertiary education (see Table 1 above). 15 The FE estimators give insignificant results almost always, with the exception of the 1981 and 1991 time dummies, which enter with negative sign, and the lower secondary student-teacher ratio, which enters with a positive sign. The latter estimate implies that a 1-standard deviation (0.499) increase in the student-teacher ratio boosts productivity by 4.6%. However, according to the AB-BB estimates, the primary education student-teacher ratio dampens growth in line with theoretical expectations, while the lower secondary ratio does not affect growth. Specifically, a 1-standard deviation (0.518) rise in primary education student-teacher ratio lowers productivity by 13.9%. Concerning the remaining findings, the introduction of quality measures turns the sign of primary education from negative to positive but insignificant and that of lower secondary education from insignificant to significantly positive. Now a 1-standard deviation (0.799) rise in lower secondary education employment enhances productivity by 21.5%. At the same time, upper secondary education hinders productivity, i.e. if it rises by 1 standard deviation (0.654), productivity becomes lower by 23.7%. Finally, public capital is not only positive but significant now, so a 1-standard deviation increase in public capital stock (1.282) boosts productivity by 30.4%. The remaining estimates are qualitatively and quantitatively very similar to the benchmark specification. When we use the dropout ratio in primary and lower secondary school, the former is negative and statistically significant in both the FE and AB-BB estimations, while only the magnitude of the corresponding coefficients varies (see columns 7 and 8 in Table 1 ). Specifically, a 1-standard deviation (1.828) fall in the primary school dropout rate enhances productivity in the long-run by 8% and 4% in the FE and AB-BB estimations, respectively. This is compatible with the literature, which argues that a high dropout rate indicates malfunctions in the education system with adverse consequences for student skills (Doll et al., 2013) . On the contrary, the lower secondary school dropout ratio is uniformly insignificant. Regarding the remaining variables, only the time dummies are significant in both the FE and AB-BB estimations indicating significantly higher productivity in 1991, 2001, and 2011 relative to the previous decades. The remaining FE estimates are insignificant. Concerning the AB-BB estimates of the other right-hand side variables, the findings are very similar both qualitatively and quantitatively with the baseline estimates. In other words, primary education employment density hurts productivity, while tertiary education and lagged productivity enhance it, which indicates presence of convergence as found above. Lower secondary education still does not seem to matter for productivity. The only difference concerns the upper secondary education employment share, which boosts productivity, while public capital dampens it. Please note that both effects were insignificant before.
Most importantly, if the above education share was to increase by 1 standard deviation (0.654), productivity would be 19.6% higher. This is very close to the finding in the second specification incorporating spillovers (see discussion above).
Moreover, we use as measures of upper secondary education quality the ratio of its graduates who succeed in entering tertiary education as a whole and universities in particular (see columns 1-4 in Table 2 below) . Again, the FE estimates show no statistically significant impact of any variable on labor productivity with the exception of the 1981 and 1991 time dummies, which indicate lower labor productivity compared with the other decades. On the contrary, according to the AB-BB estimates, the ratio of upper secondary graduates who make it to tertiary education has a significant positive impact on productivity, while the previously positive effect of the number of employed upper secondary graduates vanishes. A 1-standard deviation (0.656) rise in the above ratio boosts labor productivity by 2.9%. The simultaneous presence of education quality along with quantity might explain this finding, which is often found in the literature (Hanushek and Kimko, 2000) . The estimated effects of the remaining variables are almost identical both qualitatively and quantitatively with the baseline case. The only exception is the upper secondary education employment share, the rise of which by 1 standard deviation (0.654) is found to have a positive influence on long-run productivity of the order of 33.5%.
When we use the ratio of upper secondary education graduates who enter university, 16 the FE estimates once more do not indicate a significant impact on labor productivity of this or any other variable (see columns 3 in Table 2 ). An exception is the 1981 and 1991 time dummies which show a productivity decline in these decades compared to the rest. As far as the AB-BB estimates are concerned, the findings are basically the same with the benchmark estimations and almost identical with those including the ratio of graduates who succeed in entering tertiary education (see column 4 in Table 2 ). The basic difference is that upper secondary education graduates who enter university do not seem to affect productivity, while the graduates entering tertiary education do. This might be explained by the fact that the variation in the former ratio is smaller compared to the latter making it difficult to identify the impact we are looking for. Also, the employment ratio of upper secondary education graduates has a positive influence on productivity, while it does not affect it in the baseline case. Specifically, if this ratio falls by 1 standard deviation (0.654), we expect a decline in productivity of the order of 33.3%. Furthermore, tertiary education employment does not have an impact on productivity now in contrast with the baseline case.
17
Finally, if we use patents as a measure of tertiary education quality, they do not seem to affect productivity neither in the FE nor in the AB-BB estimations (columns 5 and 6 in Table 2 ). This probably has to do with the low value of the within standard deviation compared to the between one (see Table A3 available in the Appendix A). The employment share of tertiary education graduates does not affect productivity anymore in contrast with the baseline specification. These findings might be explained by the relatively high (0.47) and very significant correlation between patents and tertiary education employment (see Table 1 . As for the remaining variables, primary education hurts productivity in the sense that a 1-standard deviation (0.421) rise 14 For the construction of the spillover variable, we follow Ramos et al. (2010) . 15 In Greece, there are two types of tertiary education institutions, namely universities and technological education institutes. The duration of studies is on average shorter in the latter type of institutions and their character is more applied and less academic than in the traditional universities. 16 University success rate includes the students who participate in the exams that give access to universities (Advanced Educational Institutes -AEI) while tertiary success rate includes the students who participate in the exams that give access to universities (Advanced Educational Institutes -AEI) and Technological Educational Institutes (TEI). See also Table A1 (available in the Appendix A) for a complete definition of the variables. 17 We have also re-estimated our model in order to include more variables, as proposed by a referee. Specifically, we have included three versions with: i) spillovers and quality indicators for the primary education (student-teacher ratio and dropout rates), ii) spillovers and quality indicators for secondary education, and iii) a more complete one with all the aforementioned indicators. The results remain qualitatively the same, with the exception of the primary education student-teacher ratio, which is found not to be significant in all cases.
in the corresponding employment share reduces productivity by 21.6% (FE) to 29% (AB-BB). The remaining education variables are not significant productivity determinants in the FE estimations, while they yield similar findings with the baseline specification in the AB-BB case, the only exception being tertiary education. The latter does not have an impact on productivity as in the baseline case. Regarding the remaining right-hand side variables, the findings are similar with the benchmark estimations. So, public capital does not affect productivity, employment density dampens productivity (also in the FE case), while lagged productivity enhances current productivity. Finally, the 1991 and 2001 time dummies indicate a productivity rise in these decades relative to the other ones in the AB-BB estimation.
Turning to the diagnostics, we do not reject the null hypothesis of no serial correlation at order two in the first-differenced errors in all GMM estimations using the Arellano-Bond (1991) test for serial correlation (for detailed test results, see the 3rd to last rows of the estimation tables). Also, we cannot reject the null that the overidentifying moment conditions are valid implementing the Hansen (1982) test. So, we do not find evidence of misspecification for our models. Finally, we perform tests for cross-sectional dependence in the residuals of the estimated regressions. In the FE estimations, we apply the CD test by Pesaran (2004) and cannot accept the null of cross-section independence. 18 In the dynamic specifications, we perform the test for cross-sectional dependence of SYR and cannot reject the null hypothesis that the moment conditions related to the lags of the dependent variables are valid, i.e. the GMM estimates using the full set of instruments are consistent. So, there is evidence of cross-sectional dependence in the FE estimations, while there is no such evidence in the GMM ones. As a consequence, we only trust GMM estimates, since the presence of cross-section dependence implies inconsistent and inefficient estimates (for details, see discussion in Section 4.2). As a synopsis, our empirics have investigated the impact of education on labor productivity, taking into account cross-section dependence and endogeneity using two widely used estimation techniques. In this framework, we have examined the importance of education 18 As it is shown by SYR, the CD test lacks power to detect strong cross-sectional dependence when common time effects are included into the model. The test result may arguably reflect model misspecification, since the static model does not include a lagged dependent variable. Note: Dependent variable GDP per worker in region i (i = 1,…,51) in period t (t = 1971, 1981…,2011) . Standard errors in parentheses. *, **, *** denote 10%, 5% & 1% significance levels respectively. FE: fixed effect; AB-BB: Arellano and Bover (1995)-Blundell and Bond (1998 spillovers and education quality in Greek regions. Our results show that primary education dampens labor productivity, lower secondary education plays no role for productivity, while upper secondary education and tertiary education have a productivity enhancing impact. Once we incorporate education quality variables, they are found to exert a separate influence on labor productivity, distinct from that of the simple education quantity measures. Moreover, we find evidence of positive spillovers from the tertiary education graduates of neighboring regions on labor productivity. Finally, employment density is found to hamper productivity and there is evidence of convergence. Thus, our findings point to the relevance of human capital, in terms of both quantity and quality, for labor productivity in Greek regions.
Conclusions
In this paper, we construct a rich human capital dataset and estimate production functions for Greek regions employing panel techniques allowing for cross-section dependence as well as endogeneity. We put special emphasis on the impact of four education levels on labor productivity together with variables that measure education quality and spillovers. This allows us to estimate their differentiated effects on productivity.
Employing FE and dynamic system GMM estimators, we find robust evidence of a strong negative impact of primary education and a positive effect of upper secondary and tertiary education on labor productivity. On the contrary, lower secondary education is not found to affect productivity. In addition, tertiary education spillovers do matter, as they exhibit a positive association with productivity. So, the impact of education on productivity turns from negative to positive as the level of education increases. An array of education quality measures were also found to have a distinct productivity effect, parallel to the quantity measures of education. So, we infer that quality is an important determinant of the education impact on productivity. Overall, our findings are in line with relevant literature on developed economies, where education returns are non-linear and rise with education attainment.
A number of implications can be derived from our results. First, if policy makers do not account for education quality and related spillovers, regional growth policies will be misguided. Specifically, a growth-enhancing strategy should be directed at relatively spacious areas in Greece. Second, our evidence confirms that the improvement of education quality along with the advancement of education qualifications are the most effective instruments for reducing regional disparities in terms of labor productivity. The education quality-productivity link may be materialized through various channels, e.g. higher innovative capacity and increased capability for adoption of advanced foreign technology. In light of the recent sovereign debt crisis, Greece should enhance its growth potential by focusing in the expansion of complementary types of education such as vocational training, in-job training, and lifelong learning along with upper level traditional education.
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Appendix A. Data definition and descriptive statistics. Public capital is computed using the public investment at NUTS 3 level. The initial capital stock is computed as in Harberger (1978) . See King and Levine (1994) 
